The somatosensory system comprises those elements of the peripheral nervous system (PNS) and the central nervous system (CNS) subserving the modalities of touch, vibration, temperature, pain and kinesthesia. Specific modalities can be associated with unique peripheral receptors, peripheral axons of stereotyped diameter and specific central projection pathways. Several features of the somatosensory system render regions of it vulnerable to a wide variety of toxicants. The present report highlights these features and, furthermore, suggests that analysis of these regions is invaluable in studying the three most common varieties of toxic neuropathy: toxic distal axonopathy, toxic myelinopathy and toxic sensory neuronopathy.
Since the early nineteenth century, various specialized receptors have been associated with the somatosensory system. These receptors, located in skin, hair follicles, joints and muscles, transduce mechanical or thermal energy. Minimally, a receptor includes a peripheral axon terminal of one primary afferent neuron, whose cell body is sited proximally in the dorsal root ganglion. Receptors often include nonneural elements which incorporate and interact with the axon terminal in initiating generator potentials. Multiple generator potentials may summate to the threshold necessary for triggering a nerve impulse (action potential). Three major categories of somatosensory receptors can be identified: mechanoreceptors, thermoreceptors and Mechanoreceptors are sensitive to nondamaging mechanical disturbances of skin or hair. An example of a slowly adapting position detector is a Type I Iggo corpuscle, featured by a myelinated axon terminating at the base of a small dome-like elevation in the skin (Merkel cells). Displacement of the dome by as little as 5 ,um can result in a supra-threshold generator potential within the Merkel cell-axon terminal complex. Mechanoreceptors sensitive to rapid transients are exemplified by the Pacinian corpuscles. The Pacinian corpuscle is principally composed of an outer capsule formed of connective tissue lamellae separated by fluid-filled interlamellar spaces, and an inner core of tightly spaced lamellae (Fig. 1) . Proximally, the outer core is penetrated by a canal which contains a single myelinated preterminal axon (7-11 ,um and PNS, are consistently involved (7, 8) . Substances producing neuronopathies (e.g., doxorubicin) presumably act directly on the soma of neurons (9 
Spinal Pathways Structure and Function
The spinal cord contains a number of well-defined, modality-specific fiber tracts which ascend from the segmental levels to the brainstem and diencephalon (Fig. 3) . The largest of these tracts is the dorsalcolumn system which forms the dorsal and medial boundaries of the spinal cord. The central projec- tions of dorsal root ganglia course in the medial division of the dorsal root, enter the spinal cord and divide into a long ascending and a short descending branch (Fig. 4) 
Relay Nuclei Structure and Function
Neurons in somatosensory relay nuclei, (dorsal column, ventral thalamic, lateral cervical) receive projections from ascending spinal tracts, then project to more rostral structures in the neuraxis. Integration of activity and modification of the ascending volley by corticofugal influences occurs at these sites. Pre-and postsynaptic feedback inhibition characterizes all levels of the somatosensory system and significantly alters the afferent volley.
The dorsal column nuclei (gracile and cuneate) maintain a remarkable degree of topographic and modality specificity. Axons from cells in these nuclei cross as internal arcuate fibers in the low medulla and ascend in the medial lemniscus to the ventral thalamus. The ventral and posterior tiers of the thalamus are subdivided into a number of nuclear aggregates. The ventral posterior lateral nucleus (VPL) is the principal somatosensory relay, and serves as the site of origin for the primary fibers of the thalamo-cortical radiations.
Neurotoxicology
Changes in the dorsal column and lateral cervical nuclei following various types of neurotoxic injury mirror those of the dorsal columns and spinocervical tracts described in the previous section. There are no reports of neurotoxin-induced degeneration in the thalamic relay nuclei.
Cerebral Cortex Structure and Function
The cerebral cortex controls conscious perception of somatosensory events. The previous simple division ofthe sensorimotor cortex into precentral (motor) and postcentral (sensory) strips has been replaced by a broad based, multiple mapping of the body surface onto the cortex. Serial and parallel processing of somatosensory information occur at disparate cortical locations and involve extensive interneuron pools, making it difficult to localize the site of action of neurotoxic agents on cortical activity. The first somatic sensory area (SI) comprises three cytoarchitectonic subfields, Brodmann's areas 3, 1 and 2 (Fig. 6) . Area 3 receives a dense projection of large fibers from the ventral tier of the thalamus, while areas 1 and 2 receive less dense input of fine fibers from this region. Area 3 and the anterior portion of area 1 principally process short-latency cutaneous and muscle-spindle afferents, whereas the posterior portion of area 1 and all of area 2 receive inputs from deep lying receptors. There are at least two independent mirror-image representations of body surface within SI. For each body representation the caudal dermatomes are represented medially; progressively rostral regions project to more lateral cortical areas. The extent of cortical representation of a body region is proportioned to the use of that region, and not to its size. Thus, in the sensory homunculus, the thumb area exceeds that of the remainder of the arm.
Electrophysiological studies have documented short-latency somatosensory activity within the cortex forming the precentral gyrus (10) . Independent, direct projections from the ventral thalamus can be traced to this region, terminating within the anterior bank of the central sulcus (area 4). Additional cortical somatosensory regions include the superior and inferior parietal lobule, the SII region within the Sylvian fissure, the retroinsular field and polysensory frontal cortex.
Environmental Health Perspectives Neurotoxicology It is clear that many neurotoxicants diffusely affect the cerebral cortex by provoking a variety of morphological, pharmacological and physiological reactions. This is especially common following acute exposure to these agents. None appears selectively to involve the somatosensory cortex. Similarly, among substances that produce CNS degeneration only after prolonged or subacute exposure, few predominantly affect the somatosensory cortex. However, methylmercury frequently produces widespread, selective degeneration of small neurons in the preand postcentral gyrus, with only minor involvement of the regions of the frontal and parietal lobe. Mercury also affects small neurons of the calcarine cortex granule cell layer of the cerebellum and dorsal root ganglion cells.
Monitoring of the Somatosensory System: Relevance for Neurotoxicology A salient feature of the somatosensory system is the remarkable length and heavy myelination of its lower conduction pathways. The length of the lower pathways allows noninvasive physiological monitoring at several points. For example, human sensory nerve and spinal-cord conduction velocity measurements are routine clinical procedures. Recent advances in computer-averaged electrophysiological procedures enable the noninvasive recording of activity within somatosensory fiber tracts of higher levels of the CNS in man and experimental animals (11, 12) (Fig. 7) . Somatosensory-evoked potentials are currently being applied to trace the onset of acrylamide-induced distal axonopathy in the primate (12) . Initial dysfunction appears at the distal extreme of the gracile component of the dorsalcolumn system. The change consists of a subtle latency shift (approximately 100 pusec), precedes any behavioral alterations and appears coincident with the earliest detectable morphological change in this nucleus. The sensitivity of this measure appears established, and current studies are focusing on changes in the somatosensory-evoked potential following prolonged low-level acrylamide intoxication and on the ability of the CNS to recover from toxic distal axonopathy.
